Spontaneous proliferative lesions in the nasopharyngeal meatus were identified as the cause of death in 12 of 1,600 male and 5 of 1,600 female Fischer 344 (F344) rats used in 2-yr 'carcinogenicity studies; none of the lesions were considered treatment related. All the rats showed dyspnea. abdominal distension, and clinical deterioration. Gross features were characterized by simultaneous occurrence of conspicuous gaseous distension of the intestinal tract, especially in the ileum and cecum, and focal nodular lesions in the nasopharyngeal meatus. Histopathologically. the nasopharyngeal meatus was partially obstructed by the following proliferative lesions: 3 areas of hyperplasia of the ectopic sebaceous glands in the soft and hard palate, 4 areas of squamous metaplasia (SM) with massive hyperkeratosis, 5 squamous cell papillomas (SCPs), and 5 squamous cell carcinomas (SCCs). No pathological changes were found in the distended portion of the intestinal tract. Formalin-fixed, paraffin-embedded samples of the proliferative lesions from the nasopharyngeal meatus were examined for the presence of mutations in the c-Hi-ras and c-K-ras genes. In vitro amplification of DNA using a polymerase chain reaction was combined with a nonisotopic method for selective oligonucleotide hybridization. Two of the 4 SM lesions. 3 of the 5 SCPs, and 5 of the 5 SCCs contained 1-3 point mutations in the c-H-ms and/or c-K-rus gene. Immunohistochemically, overexpression of p53 protein was found in 1 area of SM with a dysplastic lesion and 2 SCCs. These findings indicate that detailed examination of the upper respiratory system, including the nasopharyngeal meatus. may be particulirly helpful for identifying primary occult lesions in F344 rats that show only gut distension at necropsy in long-term toxicity studies. In addition, mutations of the ras genes may be an important step in the early stages of carcinogenesis in the rat nasopharyngeal meatus, whereas p53 mutations could occur relatively late. and neoplastic lesions in the nasal cavity (squamous, respiratory, transitional, and olfactory epithelium), larynx, and trachea in rodents have been described, spontaneous lesions originating in the nasopharyngeal meatus region have not been reported. This lack of data may be attributable to the fact that the nasal cavity, including the nasopharyngeal meatus, is often overlooked or examined only superficially at necropsy in long-term oral toxicity and carcinogenicity studies. In inhalation studies with laboratory rodents, the nasal cavity is typically sectioned at 3 or 4 levels (32, 39). These sections 'include many of the major regions of the nose, in which lesions have been described, but often the nasopharyngeal meatus is not included. We report here the clinical, gross, and histopathological features of spontaneous proliferative lesions in the nasopharyngeal meatus of Fischer 344 (F344) rats. In addition, inactivation of the p53 tumor suppresser gene and the occurrence of activation of rus genes in these proliferative lesions in the rat nasopharyngeal meatus were ex-419
INTRODUCTION
Spontaneous lesions in the upper respiratory system that lead to a moribund condition are uncommon in rats and mice (3, 4, 10, 21) , and the incidence of any type of nasal tumor in the National Toxicology Program (NTP) archives (3, 4, 9) and in our laboratory is far less than 0.5%. When administered orally in the diet, in the drinking water, or by inhalation, N-nitrosodi-11-butylamine, Nnitrosomethylvinylamine, and 1,2-dibromo-3-chloropropane induce squamous cell papillomas and carcinomas of the nasopharyngeal meatus and a variety of respiratory and digestive system tumors in rats (11, 24) . Recently, Zheng et a1 (40) reported experimentally induced tumors of the nasopharyngeal meatus in Sprague-Dawley rats fed Chinese salted fish that contained several volatile nitrosamines. Although spontaneous and chemically induced GAT ESG = hyperplllsia of ectopic sebaceous gland; Shl = squamous metaplasia; SCP = squamous cell papilloma: SCC = squamous cell carcinoma.
, hlS = moribund sacrifice; FD = found dead. 'The wild type sequences of c-H-rus codon 61 and c-K-rus codons 12, 13, and 61 are CAA, GGT, GGC, and CAA. respectively. amined immunohistochemically and by nonisotopic oligonucleotide hybridization, respectively..
MATERIALS AND METHODS

Aninials.
In the population of F344 rats used in carcinogenicity studies in our laboratory from 1990 to 1994, 12 of 1,600 male and 5 of 1,600 female rats developed gaseous gut distension and focal nodular lesions in the nasopharyngeal meatus (Table I) . All rats were obtained at 4 wk of age and were individually housed in a metal cage with a mesh bottom. The rats were fed a powdered diet (CE-2, CLEA, Tokyo, Japan) and were given tap water ad libitran. Animals were kept in a controlled environment with a room temperature of 20-26OC, a relative humidity of 40-70%, a fresh-air change cycle of 10-20 timesh, and a 12-hr light and dark cycle.
Pathological Procedrtres. Complete necropsies were performed on each rat found dead or euthanatized in extremis under ether anesthesia. Immediately after death, the nasal passages of each rat were flushed via a cannula through the nasopharyngeal orifice with 10-15 ml of 10% neutral buffered formalin. After removal of the brain, pituitary gland, and mandible, the skull and carcass were examined radiographically with a soft x-ray apparatus (HR-80R, HITEX Corp., Osaka, Japan). Two midsagittal sections of the skull were prepared and carefully examined. The skull and major visceral organs were fixed in 10% buffered formalin. After decalcification, both midsagittal specimens with lesions were processed for routine histopathology, and sections of 4 pm thickness were stained with hematoxylin and eosin (H&E). In this study, proliferative lesions in the nasopharyngeal meatus were diagnosed using the nomenclature of the International Agency for Research on Cancer (12).
Immrmohistoche~itical Examinations. Formalin-fixed, paraffin-embedded sections containing the proliferative lesions in the nasopharyngeal meatus were pretreated by microwaving twice at 500 W in an antigen retrieval solution (BioGenex Laboratories, San Ramon, CA, USA). After standard inhibition of endogenous peroxidase activ-... ity and nonspecific protein staining, p53 immunohistochemistry was performed with a polyclonal antibody reactive to wild type and mutant p53 (CMI, Novocastra Laboratories, Newcastle, UK) and a monoclonal antibody reactive only to mutant p53 (Ab-3, Oncogene Science, Manhasset, NY, USA). After incubation with a primary antibody overnight at 4"C, immunolocalization was detected using a streptavidin-biotin immunoperoxidase method (Nichirei Corp., Tokyo, Japan) and visualized with diaminobenzidine. Specimens were recorded as positive if an estimated 25% of the lesion showed nuclear In addition to using p53 antibodies, immunohistochernical examination of paraffin-embedded sections was performed using a polyclonal antibody against heat shock protein 70 (HSP70, DAKO Corp., Carpinteria, CA, USA), a monoclonal antibody against mdm2 (Ab-1, Oncogene Science), and a monoclonal antibody against proliferating cell nuclear antigen (PCNA; PC-10, DAKO Corp.). For estimation of PCNA labeling indices of the proliferative lesions, the number of all PCNA-positive cells per 100 constituent cells was counted under X400 magnification for selected fields from each lesion (37).
DNA Aniplification and Polpierase Cliai~i Reaction. For DNA amplification, a 5-pm-thick paraffin-embedded section was deparaffinized with xylene, rinsed in ethanol, and hydrated with distilled water. A selected area of tissue from each lesion was collected with a 28-gauge sterile needle and placed in a tube with 60 p1 of water. Normal nonneoplastic nasopharyngeal epithelium was also examined as the same manner. The samples were used directly for in vitro amplification without prior isolation of DNA. A polymerase chain reaction (PCR) was utilized essentially according to the method of Saiki et a1 (28) using a DNA thermal cycler and a DNA amplification reagent kit (GeneAmpa with AmpliTaqa, Perkin Elmer Cetus, Norwalk, CT, USA). The primers used for DNA amplification of the region around codons 12, 13, and 61 of c-H-ras and c-K-ras are listed in Tables 11-IV. A total volume of 100 pl of the reaction mixture con-staining.
_ -
at SAGE PUBLICATIONS on December 9, 2012 tpx.sagepub.com rained about 10 pg of double-stranded DNA in 1OX reaction buffer, 200 p h l of each dNTP (3'-deoxynucleoside 5'-triphosphate, Takara Shuzo Laboratories, Kyoto, Japan), and 2.5 units of Toq DNA polymerase. The reaction mixture was overlaid with a drop of mineral oil (Sigma, St. Louis, MO, USA) to prevent evaporation. After denaturation at 94°C for 5 min, 30 cycles at 94°C for 1 min, 63°C for 2 min, and 72°C for 3 min were performed. The yields of amplified PCR products were ascertained by agarose gel electrophoresis and subsequent ethidium bromide staining. Noitisotopic Oligoriiicleotide Hybridization. The oligonucleotide probes for possible point mutations at codons 12, 13, and 61 of the c-H-rm and c-K-rm genes and probes for the wild type alleles (Takara Shuzo Laboratories) are listed in Tables 11-IV. The oligonucleotide probes were labeled with fluorescein-dUTP (deoxyuridine 5'-triphosphate) by the 3' terminal deoxyribonucleo-tidy1 transferase tailing reaction with an enhanced chemi-luminescence (ECL) 3'-oligolabeling and detection system (Amersham International, Buckinghamshire, UK). For the detection of m s gene mutations, prehybridization and hybridization were performed as described by Vries et a1 (34) . The PCR products were denatured at 94°C for 5 min and placed immediately on ice. One-microliter aliquots of denatured products were spotted onto membranes (Hyband-N, Amersham International), and the DNA was cross-linked to the membrane by exposure to ultraviolet irradiation. The filters were prehybridized for 30 min at 48°C in 5 X standard saline citrate (SSC; 0.75 hl sodium chloride, 0.075 hi sodium citrate) with 100 pg/ ml of sonicated, denatured salmon sperm DNA (Sigma), 0.1% sodium dodecyl sulfate (SDS), and 5 X Denhardt's buffer and then hybridized for 2 hr at 42°C in the same mixture containing approximately 2 phi/cm2 of fluorescein labeled probes for each blot. After incubation, the filters were washed 3 times in 0.2X SSC/O.l% SDS at 42°C followed by antibody development with anti-fluorescein horseradish peroxidase for 1 hr at room temperature. The filters were washed and, after the addition of detection buffer (ECL detection reagents RPN2105, Amersham International), exposed to blue-light sensitive Kodak diagnostic film (X-OMAP, Kodak, Rochester, NY, USA) for 15 min and then developed. 
5'-ATGACTGAGTATAAACTTTGT-3'
lected for direct sequencing. Nucleic acids were isolated from frozen tissues and amplified in a 50-p1 PCR reaction mixture with the same primers used for oligonucleotide hybridization. After amplification, the PCR reaction mixture was separated on a 6% acrylamide gel using a Mini 2-D (Bio-Rad) dual slab cell, and a piece of the gel containing each amplified gene was cut out. DNA was eluted by shaking overnight at room temperature in elution buffer (0.5 hi ammonium acetate/lo mhl Mg acetate), precipitated with ethanol, and washed with 70% ethanol. Dried DNA was dissolved in 9.5 p1 water. Direct DNA sequencing was performed using a Tnq dye deoxy terminator cycle sequencing kit (Applied Biosystems, Foster City, CA, USA) and analyzed with a DNA sequencing system according to the manufacturer's instructions. Mutations were confirmed by sequencing both strands.
-. .
RESULTS
Clinical examination revealed that the animals with gaseous abdominal distension were weak and had lost weight. Characteristic wheezing or sneezing, bradypnea, abdominal distension, decreases in the amount of feces and locomotor activity, and leaning against the side walls of the cage were common findings. Neither swelling of the nasorostral region nor lacrimation was observed. Respiration was forced, and interference with breathing due to nasopharyngeal obstruction was the major factor contributing to death. Body temperature of the rats that were euthanatized in extremis was below 40°C at necropsy. Of at SAGE PUBLICATIONS on December 9, 2012 tpx.sagepub.com Downloaded from the 17 rats (12 males and 5 females) with gut distension, 8 (4 males and 4 females) died and 9 (8 males and 1 female) were euthanatized during the experimental period. The average age at death was 93 weeks (95 weeks for males and 90 weeks for females) and ranged from 58 to 111 weeks.
At necropsy, the ileum and cecum in particular were extremely distended with gas (Fig. 1) . No animals showed postmortem changes, and the content of the intestines was sparse. There were no signs of inflammation or hemorrhage or smell of gases associated with autolysis or fermentation. The affected rats also showed gaseous distension of the stomach and erosions or ulcers of the nonglandular stomach. There was marked atrophy of the spleen, and in the most severe case the spleen was less than 12 mm in length. In these animals, focal abnormalities were observed in the nasopharyngeal meatus upon radiographic examination (Fig. 2) . The midsagittal sections of the skull revealed the nasopharyngeal meatus, which was partially or completely filled with whitish gray tissue or solid nodules.
Histopathologically, the proliferative lesions in the nasopharyngeal meatus were diagnosed as hyperplasia of the ectopic sebaceous glands (ESG), similar to Fordyce's granules (38), squamous metaplasia (SM) of the respiratory epithelium, squamous cell papilloma (SCP), and SCC. Although ESG, SM, and SCP were noninvasive lesions, their location and size caused breathing difficulties due to obstruction or compression of the nasopharyngeal meatus.
ESG was observed in 3 males ( Figs. 3 and 4) ; 1 lesion was found in the hard palate, and 2 were in the soft palate region. This lesion was characterized by groups of normal sebaceous glands and large cystic ducts, which contained a markedly increased amount of sebum consisting primarily of laminated keratin and desquamated glandular cells. The large cystic ducts were lined by a thickened layer of stratified squamous cells. Many small cysts were found in the periodontal ligaments.
SM occurred in 1 female and 3 male rats (Figs. 5 and 6) and was composed of 3 or more layers of epithelial cells with excessive keratinization. The epithelium was orderly and had a normal pattern of differentiation from the basal layer to the surface. No rete pegs were seen in the lamina propria. The epithelial cells were characterized by eosinophilic cytoplasm with relatively prominent cell boundaries and keratohyalin granules. One male had a dysplastic lesion that consisted of large anaplastic cells with abundant clear/eosinophilic cytoplasm and large pleomorphic nuclei containing distinct nucleoli. Necrotic tissue and large amounts of keratin were also observed. SCP was observed in 3 males and 2 females ( Figs. 7  and 8) and arose from areas of squamous metaplasia in the nasopharyngeal epithelium. The neoplastic epithelium was well differentiated and produced an excessive amount of keratin. Some tumors had exophytic papillary projections of the stratified squamous cells into the soft palate with a thin core of connective tissue stroma. SCC occurred in 3 males and 2 females ( Figs. 9 and  10) . The neoplasms were highly invasive with neoplastic cell clusters of various sizes extending deep into the un-derlying connective tissue. The center portion of the epithelial islands contained keratinized and parakerathized epithelial pearls or cystlike structures filled with keratin and cell debris. Poorly differentiated areas had more abundant pale cytoplasm and vesicular nuclei with large nucleoli. Mitotic figures were frequent. No metastasis was observed in local lymph nodes or other organs, including the lungs.
Immunohistochemically, 2 of the 5 SCCs contained cells with clear overexpression of p53 protein (Fig. 1 l) , whereas the other 3 SCCs had only occasional or a few cells that showed positive staining for p53. In the SCCs with prominent keratinization, the tumor cells showed p53 expression with a tendency for staining to be more intense along the peripheral part of the neoplastic islands. One SCC had large areas where there was no immunoreactivity for p53, although in adjacent areas there was significant p53 immunoreactivity. In SCPs, only occasional cells expressing p53 were observed and were restricted to the basal layer. The nonneoplastic and adaptive lesions of ESG and SM were completely negative for mutant y53 protein, whereas a dysplastic lesion in 1 rat with SM was positive with a haphazard distribution of positive and negative cells (Fig. 12) . In p53-positive SCCs, the adjacent sections expressed HSP70, but there were no nuclei immunoreactive for mdm2 protein. The mean PCNA labeling index of the SCCs (68.4%) was higher than that of the SCPs (52.6%) and the SM with dysplasia (51.5%).
Point mutations in the c-H-ros gene were detected in 1 of the 4 SM lesions, 1 of the 5 SCPs, and 4 of the 5 SCCs ( Fig. 13 and Table I ). All of these mutations were .. in . codon 61 with 4 A+G-transitions and 2 A+T transversions at the second base. Two of the 4 SM lesions, 2 of the 5 SCPs, and 2 of the 5 SCCs contained point mutations in the c-K-ros gene ( Fig. 14 and Table I ). One SCC contained both codon 12 and codon 13 mutations. Five G+A transitions were found in neoplastic lesions at codons 12 and 13, whereas 1 SM lesion had a G+T transversion at codon 12 and another had an A+G transition at codon 61. The results were confirmed by direct DNA sequencing (Fig. 15 ). No gene mutations were detected in any of the ESGs examined.
DISCUSSION
In the present study, a significant relationship was observed between certain proliferative lesions in the nasopharyngeal meatus and gaseous gut distension in aged F344 rats. This finding indicates that detailed examination of the upper respiratory system may be particularly helpful in identifying primary occult lesions in rats with gut distension at necropsy in long-term toxicity and carcinogenicity studies. The nasopharyngeal meatus was partially obstructed by primary nodular occult lesions in the affected rats. In the case of SM, the obstruction was considered caused by excessive keratinized materials in the nasopharyngeal meatus. These animals were attempting to mouth breath, were swallowing a large amount of air, and were unable to eat or drink. Starvation could have contributed to the observed exhaustion, decreased gut ~0 1 , 26, NO. 3, 1998 NASOPHARYNGEAL TUMORS IN F344 RATS  425   FIG. 13.-Dot-blot analysis of c-H-ms codon 61 mutations. Amplified DNA samples were applied to nylon filters and hybridized with the probes shown in Table 11 . The middle 3 base region was replaced with AAA, CGA. or CTA for CAA, the wild type of codon. Dots 1-17 (rat Nos.) are amplified DNAs from proliferative nasopharyngeal lesions.
FIG . 14. -Dot-blot analysis of c-K-mr mutations in codons 12 and 13. Amplified DNA samples were applied to nylon filters and hybridized with the probes shown in Table 111 . Dots 1-17 are amplified DNAs from proliferative nasopharyngeal lesions. motility, and conspicuous gaseous distension of the intestinal tract.
Although many toxic agents can damage and induce neoplastic lesions in the nasal mucosa of laboratory animals (6, 20, 22, 23) , clinical signs and necropsy findings in these animals have not been described in detail. In 1 study, chronic irritation by chaff in the diet led to penetration of the hard palate with attendant purulent inflammation, SM, and SCCs in the oral epithelium (18). Dyspnea, stridor, and mouth breathing often accompanied by rapid weight loss and intestinal distension are common in rats in which the upper respiratory tract was partially or completely occluded by a tumor or plug of inflammatory exudate.
gut distension in long-term carcinogenicity studies in our laboratories. In F344 rats, SCC, fibroma, and schwannoma in the mandibular subcutaneous tissue, SCP, and SCC in the tongue and chondroma in the nasal cavity were the primary lesions, whereas odontogenic lesions in ~ the nasal cavity were observed in B6C3F, mice. Emaciation, breathing difficulties, bradypnea, mouth breathing, and decreased locomotor activity were the ultimate clinical signs in rodents that had tumors in the upper respiratory tract and digestive system. Although malocclusion syndrome in rats is very frequently accompanied by nasal, odontogenic, or Zymbal's gland tumors (3, none of these were observed in the rats that had proliferative lesions in the nasopharyngeal meatus in this study.
Mutations of the p53 gene or conformational modification could prolong the half-life of the p53 protein; this phenomenon makes immunostaining of the protein possible (8). In contrast, the wild type protein is labile, and its concentration in the nucleus is believed to be below the limit of detection upon immunohistochemical examination. Any detection of p53 protein immunoreactivity thus can be considered presumptive evidence of p53 gene alteration. Our findings of p53 protein immunoreactivity in this study are similar to those reported in the process of formaldehyde-induced nasal carcinogenesis in F344 rats (36). In formalin-induced nasal tumors, mutations in the p53 gene and increases in mutant p53 protein have been found in SCCs, whereas the nonneoplastic and adaptive lesions of SM and hyperplasia were negative for p53 upon immunohistochemical examination. These findings indicate that mutational inactivation of the p53 tumor suppressor gene may be an important step in the progression of spontaneous carcinogenesis in the rat nasopharyngeal meatus similar to the situation seen with chemically induced tumors, including those in the nose, Zymbal's gland, forestomach, intestine, and liver (13, 19,  27, 30, 33, 35) .
HSP70 may act as a molecular chaperone for cellular proteins such as c-nyc and p53 tumor suppressor gene products (2, 7, 17) . and elevated expression of this protein may therefore also point to molecular mechanisms for tumor cell progression. A significant finding in this study was that the staining patterns for mutant p53 protein generally correlated with those for HSP70. Proteins similar to HSP70 are overexpressed in cultured cells after transformation with c-H-ras and after cotransformation with c-H-ras and p53, suggesting the involvement of these proteins in regulatory processes in malignant cells (16, 26). Extensive studies on murine cells have indicated that p53 and HSP70 complexes are formed with proteins encoded by various p53 genes mutated between codons 66 and 232 and that binding to HSP70 can be used to indicate the presence of mutant p53 proteins (15). We also considered the possibility that the proliferative lesions in the nasopharyngeal meatus, as in the case of p53 protein accumulation in human sarcomas that lack p53 gene mutations, contained an amplified indin2 locus. The absence of i11dtn2 gene amplification in this study indicates that this pathway is unlikely in carcinogenesis of the rat nasopharyngeal meatus.
Involvement of alterations in the rus proto-oncogenes in the early stages of the development of proliferative lesions in the nasopharyngeal meatus is suggested by the fact that these alterations were detected in SM and neoplastic lesions in the present study. Single to triple point mutations in the rus genes were observed in 2 of the 4 SM lesions, 3 of the 5 SCPs, and all 5 of the 5 SCCs using PCR combined with a nonisotopic method for selective oligonucleotide hybridization. In comparison with conventional radioactive isotope (RI) PCR-single-strand conformation polymorphism, our newly modified method for non-RI PCR-oligonucleotide hybridization can give reliable and clear results in a much shorter time. This novel approach should allow more frequent use of molecular pathological diagnosis in rodent toxicity and carcinogenicity studies.
Multiple rus gene mutations within a single proliferative lesion and double c-K-rus and c-N-rus gene mutations have been described in mouse thymic lymphomas induced by N-methyl-N-nitrosourea and y-radiation (2_5). One or more rus mutations within a single tumor have' been reported in human lung adenocarcinomas, pancreatic carcinomas, cholangiocarcinomas, and acute leukemias. The identification of multiple mutated oncogenes and tumor suppressor genes made it possible to confirm at the molecular level the hypothesis, based on epidemiological evidence, that the development of a tumor is a multistep process involving 3-7 events (1. 14, 29, 3 1).
A relationship between spontaneously occurring abdominal distension and occult nasopharyngeal tumors was discovered in rats used in long-term carcinogenicity studies. The rcls gene mutations were characterized in spontaneous proliferative lesions in the nasopharyngeal meatus in these rats. Analysis of human nasopharyngeal SCCs has not pointed to any importance of ras mutations in their genesis, whereas overexpression of the p53 gene protein ranges from 56% (5/9) to 100% (4/4), as detected immunohistochemically. Animal experiments have implicated the consumption of salted fish and dietary N-Sciences (USA) for helpful discussion and Mr. Jeffrey Hogan for help in preparing the manuscript.
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nitrosamines as significant risk factors in human naso-* 17pharyngeal SCCs. This observation suggests that human SCCs and spontaneous proliferative lesions in the rat nasopharyngeal meatus do not share the same mechanisms of induction.
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